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A 5
“‘,‘Er &

SEIh—: ZGEAER AL
152558 49 :

BERZGRA AN, LFEEBIENFWEFETEC, EEXEZRNEBL T AN
¥ 49 8 #F-bootloader & T A X 2 T, A, KAVE BT R — /5032 x86 49k AL XH 2
F 5569 bootloader, & #1&1E & 4 ucore #LE %o labl 24 T —AN3E % ] 49 bootloader #= ucore
0S, #/~ bootloader #AT KA NF 512 AF T, XHEFT KB REN I FRET, BT )Mk
ILiX A bootloader #= ucore OS, &E# T VAT fE 35 :

o HFHEBMAAHEE
o LHFHNAALAME

® PC & %) bootloader #9ig 42

e bootloader &9 S48 m%,

e %31%i2 1T bootloader 49id 42

e 74X bootloader 4y 7 *

o FEILHMART MR LEM I T4
o i AL A AL

o @id$ /3 2/CCGA M FiFey 7k

2R

labl % &,4—/~ bootloader A=—/~ OS. X A™ bootloader ¥T VAT vAd #: 5] X86 #hiF4E X, At a5k
B m# ELF $UT X X, 2 T7FHF. ®miX labl P8 OS B2 —AT AR Lo 4f oF B fe B
FHEMILE R A OS.

2.1 #4.7)
%3 1: 2MEiEiE make £ RPATIH I, (BRERLSPEHS TREAHDE)
HEWGEDF, KEEZBIHS;HRBET #:
1. BAE R RABA ucoredimg AT — 4 —F A 89 ? (F B L& F mubfiffE Makefile +
F— AR S e SRR AL, ARG AFRNLER)
2. NMARGIIANARFEITER AT FRHREGFMLELMTAL?
A A A
Jm 47 81X, Makefile
L HAT make i, —A R LB THE, T4 2T make BRMAT T ARG 4,
A T ## make AT T AR 4, T ASRAT

$ make "V="
2RI E 5 A % make 4912 8., T ERW B, HiFdHiT
$ man make

%3] 2: £/ gemu $ATHARK labl PR, (BRERETHEZB RS I IA)
H T AR qemu A= gdb B ATEO K T, KA AT T A9 :
1. A OxF:0xfffO 7745 % & 3R ¥7 BIOS 89 34T
2. EMIENAL E 0x7c00 1% & 57 dhb B & 3K B B OB 7
3. A 0X7c00 JF 45 3R 37 X AL iz 47 5 % 3R 32 kUL 4 13 %) 49 K% 5 bootasm.S #= bootblock.asm
AT E
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A
‘\,.Er 4

4. B T Ik — bootloader 3 A ¥ 49 RAGAZ & , 1% F W & #4700 1K o

AN A A AL

BN EZ BTG gemu RFATEAP R, AFRRGIEFRMNTRSE EZAFEHFEA, HXA
LF0, gemu X H4E R gdb #ATE95R K AR AR, AL AL gemu = gdb A X RS AT EIRE AR E,

ZKiAGY gdb & BHAT R EINYELE 4 347 gemu 49IRIXES. gemu F= gdb Z ] 4E B M 435 0 1234 #H4TiE
Mo EATHF gemu HATEMZ G, AT gdb A

target remote localhost:1234
BPET 4% gemu, LB gemu 23 AAZERDS, U7 gdb 8944
B9, KRMTHRE Z gemu £ —FHEEFNFHFE X, WA FEH make gemu 45 & 489217, w4iE A make
debug % % AKX A TAE, XA gemu A& gdb M A EZGIELAEZIT T .

gdb 4 He 1k B .
A2 gdb AT F, 4R R b AR T AE IS T N A ALX B A, B gemu P49 cpu AT 45 R Ak, 24
4z I L4 gdb.

* TR 69 RS
A 7T Re gdb ik BRI S AT qemu PATHYIC SR AG 4, @il o T EE T WAL AR gdb 65417 AT 3% 1 RC %8 5 AT
a9 d54, & gdb & 44T KB B AR P if e
define hook-stop
x/i $pc
end
Bp =T

gdb &9 % & & 4
£ gdb *F, A next, nexti, step, stepi ¥ 454k FIRRAS, NARETAR, KALETESHBE L,
next ¥ 2|42 5 R R T —47, REABHK.
nexti ¥ ¥ —&MEHKL, TEANHHK.
step % 5T —ARRGRRDE (BIEEAHH) .
stepi ¥ —HME L

%3 3: 4#7 bootloader AR X o934, (ZBRKEREZFBFHLIM

BIOS i@ hure# £ 5| F M B A G, 4333w A AP 6942 B #A4T bootloader. iX & & 4%
bootasm.S, T fFhefT A F AR X Iy 45 B PR A% Ko

%3 4: ¥ bootloader Ae#k ELF #& X8 OS #9342, (ZRKAERLEPBE H4)

i@ i3 17 4% bootmain.c, 7T #% bootloader 4T Ae#, ELF X 4. il if 547 R XA F=i@ id gemu kg 175118
1X bootloader&OS,

1. bootloader 4= 1735 BUAZ # X &9 ?

2. bootloader & 4= fTAw#, ELF #& X 69 OS?

%35 FAKRPOARARBRRIZLHK (F2H)

KM E &£ labl + % & kdebug.c ¥ & # print_stackframe &9 5% 2, T A8 i FH H
print_stackframe k3% 375 H08 F AR P IR B @k, Ao RS EHFENZHH, TA labl P
AT “make gemu”)E, & gemu AEIAE F1F B KT 694 b -

ebp:0x00007b28 eip:0x00100869 args:0x00000000 0x00640000 0x00007b58 0x00100082
kern/debug/kdebug.c:293: print_stackframe+21

ebp:0x00007b38 eip:0x00100b32 args:0x00000000 0x00000000 0x00000000 0x201010e5
kern/debug/monitor.c:121: mon_backtrace+10

ebp:0x00007b58 eip:0x00100082 args:0x00000000 0x00007b80 0xffff0000 0x00007hb84

2
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kern/init/init.c:31: grade_backtrace2+33

ebp:0x00007b78 eip:0x001000ab args:0x00000000 0xffff0000 0x00007bb8 0x0010021d
kern/init/init.c:36: grade_backtracel+38

ebp:0x00007h98 eip:0x001000c9 args:0x00000000 0x00100000 0xffff0000 0x0000001d
kern/init/init.c:41: grade_backtrace0+23

ebp:0x00007bb8 eip:0x001000ee args:0x00101f74 0x00101f58 0x0000065¢ 0x00000000
kern/init/init.c:47: grade_backtrace+34

ebp:0x00007be8 eip:0x00100052 args:0x00000000 0x00000000 0x00000000 0x00007caf
kern/init/init.c:23: kern_init+81

ebp:0x00007bf8 eip:0x00007d70 args:0xc031fcfa Oxc08ed88e 0x64e4d08e Oxfa7502a8
<unknow>: -- 0x00007d6f --

Welcome to the kernel debug monitor!!

Type 'help’ for a list of commands.

WERKE, AAMBEALTE LAL T, FAMBRE 17T EANHE S5 Lo

£ K 7 s kern/debug/kdebug.c:print_stackframe #9552 3L, # X &K 3 B R (5T A% %k
), FFEFRRES PR EZHAEAIAE, FEHF LRPAGTE,

AN T A HE
BT 2R ENRENT ZRAT AP RS, BA L RAEH R PH — L4 3 B KT AL A .
Bl dm =T VLB 1L A print_debuginfo &8 % & & R K #K G FHATE 2 R R A9 AE . BARTT LA L kdebug.c KD
RilOREL -8
%3] 6: TEFPRmsALE (F2%42)
A% G T A Ao B] Bt T ] R
1 PHETET—ARAES T FH? LPAIUERE P B LRGN D ?
2. WHmAE X & Kkernftrap/trap.c P x P B ) & K S AT AL A9 B AL idtinite & idt_init &3
¥, ARRITET A PN AT 45, A mmuh 49 SETGATE %, A A idt #4 R
o EERT AL P (T _SYSCALL) XASL, 2w P urshfe B P ir (135, MIRA
NS, mARBERAFTEHERFE, RRABOBGITHMEF. FNAFHHOAND G
tools/vectors.c 4 ak, 1% A trap.c ¥ & &9 vectors #4887 o
3. FHHmAETE trap.c P A9 P BT AL FE R AL trap, AR X RTAY P kT ST A B A9 3A E trap K EP
AL FZ BT AP BT A9 3R, (E4RAE R AAR F) 100 kB4 F TS, AR print_ticks TAEZR, @
Bk L AT PP — 47 L F 100 ticks”s
TARIZ P AL 2 An 3 BRI KRB, BITEANRKL, TUAIKRHE LA 24 E—K7100 ticks”,
miE TR ERRE LR T

2 KA 2 FoFIAL 3 ARkt A BRI, RRAREHRRDE, CTABERIT) |, HESR
I iRE T R R ILEAZ, B kA AL S E .

¥ BE% 3 Challenge (& &%4%)
® I J& proj4, 3§ e syscall g, BRdgAe— R P ASH CTHRAT—HZTRZRAR: FEFF4H5
B) , SABMIETER, TAAZRESEEE R PFEGHE, AP S0LH BT R %IRRT
AABENRS GELIRAETHITERELE, TREFEE. R T, LA SBEREF KGR
B, TREFHE) - FE5HFEmMG Rt riiRd, DRl EGTHESES s,
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T
AMIL—T challenge #9iRAL,

kern_init 78 A switch_test, % H% 4T :

static void

switch_test(void) {
print_cur_status(); Il print H AT cs/ss/ds ¥ & A B KRS
cprintf("+++ switch to user mode +++\n");
switch_to_user(); /I switch to user mode

print_cur_status();

cprintf("+++ switch to kernel mode +++\n");
switch_to_kernel(); /I switch to kernel mode
print_cur_status();

¥

switch_to * H#H ENBE FRHAEY ZTXNFERL, T2 EZ2T KDL E tap T E
T _SWITCH_TO* Witf, #ik BEHFE=M KA,

£ labl 2@ T AAKBDIAG, HAT make grade K% AL 45N 4E R R T EH,

2.2 I B 28 m%,
labl &9 # 4k B 5 2 Hyde F AT -

—— boot

— asm.h

—— bootasm.S

—— bootmain.c

— kern

— debug

—— assert.h
kdebug.c

— kdebug.h
—— monitor.c
—— monitor.h
—— panic.c
—— stab.h

— driver
— clock.c
—— clock.h
—— console.c
—— console.h
— intr.c
— intr.h
— kbdreg.h
—— picirq.c
—— picirg.h

—— init
L— init.c

—— libs
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— readline.c
— stdio.c
—— mm

—— memlayout.h
—— mmu.h
—— pmm.c
—— pmm.h
— trap

— trap.c

— trapentry.S
— trap.h
—— vectors.S

— libs

— defs.h
— elf.h

— error.h
— printfmt.c
— stdarg.h
— stdio.h
—— string.c
— string.h
—— x86.h
—— Makefile

— tools

—— function.mk
—— gdbinit
— grade.sh
—— kernel.ld
— sign.c
vector.c

10 directories, 48 files

Hop— b T 2 LG T
bootloader &} 4~
® boot/bootasm.S : & X 5= T bootloader &= AT H 4 start, L BRETT — 89w
W5, TR T AEBE X B R4 X 69454, 598 A bootmain.c F 49 bootmain & £ .
® Dboot/bootmain.c: & X 5= IT bootmain HHFATETER, 0 feF R TFHFPF.
bootmain =& # 7 £ ucore #AE & A | N A, RJGHkEEF] ucore B9 A 1 &L AT,
® Dboot/asm.h: 2 bootasm.S L4 AP E Zayk L, T 22 —%b5 X86 F4P4 X a9 & iy
2] 75 R A8 X 89 2 2 Lo
ucore 1RAE & A3 5 :
R G AIE B
® Kkern/init/init.c: ucore &4E & %6945 B XA

AP A A
® kern/mm/memlayout.h: ucore #EZ %A XK EHE (AMEFHT. KFTF) B9—LRE
3L

® kern/mm/mmu.h: ucore #1E & %k % X86 MMU #4448 £ 692 X, ©.4%& EFLAGS 5 4
RP Bz, RRAIZGEER, PHITHMAF L, BRHAF L, E5RKREH L
L, NULL & # #8955 SEG_NULL, # = & # W89 % SEG, % & bW+ a9 %

5
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SETGATE (#£%73] 6 ¥4 A %))
® kern/mm/pmm.[ch]: X2 T ucore ¥ ZAEBMNF T ZRAIGLETE: HHREK
ts, &EfEF X gdt[] M A BRI R EF A B4 gdt, WAt a9 RAZAR stack0; WA
BT 4 By $ 3K R AL G4k 25 B9 A0 45 45 44 gdt_init
I AR B B0 o
® kern/driver/intr.[ch]: 237 i@ X E CPU &9 eflags & B ik A= 4% A of BT 69 8 2L ;
® Kkern/driver/picirg.[ch]: SR 3T 2 7 b7 32 4] 25 8259A #9145 A Fo i At A ;
® kern/driver/clock.[ch]: %% 3L 7 3t B 4F 4241 35 8253 494745 LR AE ;
® kern/driver/console.[ch]: SR 3L T 2t & o fudd & 64 b 7 77 X 69 58 32 4RA4E
o 7 Ak 2 2R o

® Kkern/trap/vectors.S: #.4& 256 AN BFIR - FIAZ 69N 0 e bk fe F — FREEN, EF,
3 S A A B tools/vector.c /& %k i% ucore HA18] 5 25 A A Y
® kern/trap/trapentry.S: % #EF— I I REE, d—F TR F TP RIE; FEAFK
A TR IR, RPb i AR B G IR B R TAE,
® kern/trap/trap.[ch]: %#& F M I RLE, HBEE TR EAT o b7 4L 3 4R4F
kAR
® libs/defs.h: 45— LFFEAEE 2 L,
® Libs/x86.n: —2H GNU C # AL F a9 C Hdk (HT4EA T inline X485, ATAT
VASZRRER ) o
TH
® Makefile #= function.mk: #5% make T R EA KR B 09 %%, FhE T4E,
® signc: —ANCETDAER, RHMHTE, ATAR—NFEATLHREETFFRHX
® tools/vector.c: 4 ax vectors.S, X AFELA T PR A% —F A,

BT # labltarbz2, AJE## /= labl.tarbz2. 7 labl B FF #A4T make, Tvxiﬁk‘g ucore. img
(AT bin BXTF) . ucore.img &£ —A4 7 bootloader % OS &9 &5y, @i PATH T 4
TR A R WAEREE gemu ¥ 3Z 1T bootloader 2 OS:
$ make gemu

3 MAMBENBFRFEZABITHIA
3.1 BIOSE#hidf2

L HEed s, — B RNAERTEER S, WARIT EEWELEGE T REK 10 14552 3]
FBRA . ARG, RAWBLRFRRZERERANBEITZINBTO—B 34, dd
BoldpE, BT AMER LS, BZRAANAN GRS RE, AR F 5698453535 7 3
—NEERE, URARLARNBREZANEELS T EANTIE, REAF FmEEFRBEFLZA
N 2 RAM ¥, H¥ & Gizhl g e

ST REBTHENZGEm T, BER AL ARG E#E (RAIBHE) | A,
EPROM. ROM. Flash % &4 & 6 % SR AR B AN R L. HHEIEHE, CPU —FI 42
— N AR T AEAT IS, EAMF R AL AT R AmE A, R oot AL AR 10
MAEN, KRR G JGIBATE F— BB R, T Intel 80386 49k R LM MmE, PCAHLF R4
s d BIOS (Basic Input Output System, BRAE AN/t 24, EARA—/BELE IR
Flash/CMOS _E &4k ) Anfe T 4 4 /A2 45 5] § 5 X 49 OS Boot Loader (/£ ucore ¥ # bootasm.S #=
bootmain.c) —AZ#Lak. BIOS £ ir LR AL B AT HEHI ROM (R A455) S H Le— 4k
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t, A EERARERIEN . REZORAESE LF. A 33, BIOS st PC it Fhuat#t
5 L RS MAAR P Z B B9/, 50T P AR AR A

vA Intel 80386 #1], +HHbAow 5, CPU M43 Xt OXFFFFFFFO (d 47454k 49 CS: EIP #4
%, Bt CS A= IP 89455 A12 0xF000 #= OXFFF0)) F45#47. /& OXFFFFFFFO X 2 R 2 AR T —4&
BG4S, BT RIS A IE] BIOS PIITAE FAZ45 5. BIOS Tt Hhuse it A ofeindb LG, ik
BB E (Plhedh i, A, AZF) |, FRLERZERENEF—BHRXEP LI F8HERE T
R)E| NG — M ey it 0x7¢00 &, KJG CPU #=HIAR & 4545 2| AR ML S 34T, £ 3 BIOS 49
IE T T T, #—F 8 T/ERZL T ucore 49 bootloader.

3.2 bootloader & #h T 4%
BIOS Fi@dwRm&EEINFRHREEAA, H4KE LA ATz EHAT bootloader .
bootloader . A& 49 T4k 61,45 :
o kFRIPAZX, & RS EHH
o Fa ALY ELF AT A4 X 89 ucore #R1F R A2 N A
o I TFHBEE
o eizdl MR 4 ucore AR 4%
T @ AR EANB %% iR TAR 69T AL R A A fe B R SR

3.2.1 RPBEAADENF

AATE T 4 Intel 80386 #9147 4E XAn i BLALH] ? A28, &KA40iE Intel 80386 R A /23 NPk 4%
RE, TRASRIEFELZRKGR, REZIFORP A 2 KGTHEZH, T WA —A B
8 8086 fn . KA —EEYRIP A, AT —AN R B EAHAR T LU &35 B BT A GG T AL R, X AR
FAMRACIEE R AL T T o H Intel 80386 49 BhLhl — A G2, kR r. Lk, £&MN
# bootloader &+, B R E| T AFEHE KX B HRIPEXGLLIE, RMNGBEER LD Gbdayy T
#) A#ZZ A Intel 80386 a9Fk4AE X ERiXH 89, 4o R EAVR T BRI AL XA BbLE, N &R E
) Intel 80386 1k & LM a9 R ik T F IR LR E S A AN TP REZ L,

[EE]) BIRRF ) X86 9w, X X86 MifF LM H — & 1 fif, {HX) X86 R4 iz X86 RAImIE
AIRE T AEANIE . DN T REIETE 2E T RSN LI Tl m AR ) & 3, BRATERVORK 130 T 2% Tk} -
® IS lab0-manual iy« T fRib BB REAE P % (1) %

®  (Intel 80386 Reference Programmers Manual-i386) : #5PU. /5. Ju. &, fEJa8seibdr, B X

AL — ST, L R &
bootloader & F BIOS 9 T4E 5, LaT49 PC A4 THRAEKX (16 2 X)) BHRE, EXMHKRET
AT 5 Rl 0 4n BN A2 Bl Ak AR IMB, FL Lk K 4% Intel 80386 A L 48 %149 32 4= CPU #9 4GB
NBEIERET .

FAE KA G AR BRI, 25 RARBIEET AR XK, RER%RNFAER
HEA R A, f BHE—ANGE RIS QLRSI XA, B PAZF O — N4 e B 155
THRERGERBREARD FAEF KK, HBEAT AL, RALE BHARTRARER,

[ 5% ] Intel 72149 8086 CPU #4: T 20 ARMe X, ¥ F-hk 7= 8] 7€ H BF 0~2/20(00000H~FFFFFH)#9 1MB
WA=, 12 8086 49 ABAL A% Az 16 42, LAk AE T IMB N A= ], BTl 8086 4244 T Fsthkimis
5 Ho bk 69 3 AE B 3 AUE] TR B E A9 B bt (16 13) 4R A Huht (16 42 R A A b hb), 52 FR 693+ ik A
BB OX10HHR A 3 ik, VEA b A6 4B R M E BT A4 5 FH9(16 1%), mAE A4 lp4s 3 ht 6y K48 0
A 8086 AL FuH X RITHmE(16 12), MBAL: BB IHETERBETORKALESN
OX10FFEEH(BF OXFFFFOH + OXFFFFH), FfiAl¥ Fh3|A2:id IMB #9 N AH, 4R A “BK” (Re XA R
#) o 12 F—K&9E T Intel 80286 CPU &9 PC AT #+ H LR LR T 24 Aksbak X, iX4F CPU 49 F 470 B

7
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e

T A 2M24=16M,F bt 32 4 7 BRAP AL X, ST VAi7 R 2] AIMB VA L&A AT, sbitde RiE 2]“F abid IMB”
HEL, FATEHREET, ZTHERTHATARAER. A THRFTALGE T HRENM, IBM &AL PCAT
T HEME G LA E A kAR A B E RAFIE, M8 A A A20 Huhb &R AE R fest iR B
o — /ANl 4T AND 424, XA RIs4] A20 #euk &K AGATIF (JEAR) Fe ki) (Bik\ZEL) . —FF 468
A20 dbht K iz H RGN (BAH0) , A A% 4:EL—2 8 10 #1EEL47F ¢ (325 bootasm.S) .

L A20 it & i=H AR 0Eey, MAZFEAR 2 8086 FiEAT, IMB KA L&g3E R im e, ERPAEXT
A20 bt & AEH R AT, A TALALPTA Xk 2 69 F-hbRk /) LM e Frds 4] % 8042 R —ANaprd, 4t
HIEHE 8042 Ka¥etay i M Sl B B 5w -F 4Fh A20 abZa=d a9 N, — 2k E R
Z )G, N AR 2 B 5L E (memory wrapping),iX 4% &AL T AT AE# A~ 286 49 16M A &, R E £ F 4k
80386 A AIME 9T H 4G NAT .

8042 & =H E 49 10 35 & 0x60~0x6f, £FR_LE IBM PC/IAT £ R85 2 A 0x60 #= 0x64 A 5%
(0X61. OX62 F= 0x63 1T 5 XT #40 B #)) o 8042 ilid i 23 0 %4k A 45 b 38 34k 45 K 2% 6 4 RRIUR
Ao frano P2 ATHR B, 420 (P20 31D AT EM CPU LA, 41 (P21 318 M2 4:4)

HERATEILR B RGRAESLE 2012 FF

A2 FFAaMFREEL. FammAZY GRo 0x64) BEA—ANFT, BRE-NREEEFEGLS T
PAifr —ANS R A RGREE 0X60 5% 0 KiEhy, # 4B EMELARIE D 0x60 K%k,

(2) HRIEX

PAAFRIPE T, 80386 494 3F 32 AhMnt & A K, TFiFHE 4G F &M= A fodh
A htF W], TTi5[E] 64TB (A 2MA N, HEANBER KT A 2032 F5) 69:F4Fen =08, TR A
DB GAEE IR A TG E A . KT G TR RE T R4 E, MEAFINE
MBGHRAET ARG I, BdRE 4 MBI TEFEPAET IR, BLAEF LT REF XKL
AL H e 04 5 o BAE 409 T8 5 o

(3) 4B A thE EMEF
PR AR XT 4 e A B G5 ZAF . BRI R G R 5 R AAL IS e hk o K E TR H1
TN LSRR TN G, TN HFRAMRZAE (Segment) o %wif R IRALT HiF RIATAE
Bt A2 6 RAE, HIBH., HAREMAEXETUERIK ALK, AL LR —EH,
DEIE R 4 NKEAE: BHBAE, BREF (BERNENE) | BFREFR (554K
FAFa )  BABFT (BFAS, ATERERARARFEAT ARG ERI) . T HH
(Logical Address, &2 FIAZ 5 7 & 2|69 ht) 2432 ht (Physical Address, EFRa94n32 R A xuat) 4
AT e
1. a3 CPU fe¥ Hxkat (3T selector o8 #% offset 28m%) T o9 EHFT 49
NEVEABREF LR, RIAEAPHEOBMAER, REREARMEF PR G09H L A Ao
EBARASE, M &K il (Linear Address) o 4= N8 3hH W A4 5 FALH], W) &AL
£ T aprE ik,
2. S MMAIER, X—FPRREMRAEEA LI, (& X—FRTLe), HRMEZR
RERZREER. BEREERBRT T A,
LRI T E RAAER R RERT G, ZKEHhZEE — 6 R R, KPR
72 Aot M pk F A, BExAE 32 5K, BMHATHESH AGC FH. RS LK
iFAE 4 T B BT

9
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Figure 5-2_. Segment Translation
15 a 31 ]
LOGICAL
ADDRESS “ SELECTOR “ " OFFSET “
¥

DESCRIPTOR TABLE

SEGMENT BASE

DESCRIPTOR |l > <
LINEAR
ADDRESS " DIR |[  PacE I OFFSET “

B 1 p8Bsehb il A4z

DBGMHERNEE AR EIXGAIRTEL, AEBRTUAE, ATEFSEGHEE
B EFIBIT, F2ETIFHEMEFREM LS R (54 bootasm.S, mmu.h, pmm.c)

B
ENBGHEENFORPEXT, FMABHE T EASHETE L BAxi(Base Address).
BLR R (Limit) #= BB P (Attributes). 7 ucore ¥ 49 kern/mm/mmu.h ¥ &9 struct segdesc #ABEZAH +F A
ARG 3L
O FAsaib: MEERMHLT R P HE, £ 80386 KA X T, BAMIK 32 1%,
HA A KE L FUn 6 KE AR, PT AT —ANBAR T A 32 42 4% P R bk =2 18] 7 88
AT —ANF T4, mAREFE T KT GAR LA 16 Eik,
® BUTIR: ML EAY KD, £ 80386 RPN T, BIFMRA 20 12 &7, BB LA A
FHAELERAAK F T A 45,
® BEM: HEBARATEM .
& BEMF a4z (Granularity) , A5 G #7iC. G=0 2 FHRFRAF {4z E45,
0 RBTATHEARLLFNEIMFT, ¥EAH1FH; G=1 ATHARRU 4K
FHARE, TREHORBTEATOELALIKFTELIACFT, BEHIKFT.
2 (7 (TYPE) : AT REARE RRGRETF . TR THTRE 0GB A R BT A2 KB
B, R BEAETRI5/¥4T, BT ET™F,
Fh R 54448 (Descriptor Privilege Level) (DPL) : sk 52 LR 47 ALl
BB 15 (Segment-Present bit) : 4w iX—424 0, W HFHEGFAHIEE, REMA K
KA EE B, R AN EREF BB E—NBRFEE, REZSZHZLERF.
K54 277 SAEEA 0N, FEFOEX. BERATMEEOERMHATIRA T A
(AVAILABLE) &4z,
€ Zi5F4: (Accessed bit) : H A E 7M. (F— A48 @2 R R LT AL F T U
H-ABRTAE) B, FaahREmEL, B#ERATHERZ.

L R 4

Fr
5
o

SRGBT B EFRET, BREFOEMNe T H*:
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Figure 5%5-3. General Segment—-Descriptor Format

DESCRIPTORS USED FOR APPLICATIONS CODE AND DATA SEGMENTES

3 23 A5 7 a
A
BASE 31..24 Gl |0|V] LIMIT Pl DPL |1]| TYPE|A BASE 22..16 4
L| 19..16
SEGMENT BASE 15..8 SEGMENT LIMIT 15..8 a

DESCRIPTORS USED FOR SPECIAL SYSTEM SEGMENTS

31 23 15 7 a
A
BASE 31..24 G[&|O|v] LIMIT F| DPL |8 TYPE BASE 23..16 4
L| 19..16
SEGMENT BASE 15..8 SEGMENT LIMIT 15..8 a
A — ACCESSED
AVL — AVAILABLE FOR USE BY SYSTEMS PROGRAMMERS
DPL — DESCRIPTOR PRIVILEGE LEUEL
G — GRANULARITY
P — SEGMENT PRESENT

K 2 Bk g4

LRBMARF£

ERBAF RN —NRESANBREFO KA, AREUUARGELARAEAFTEATLHS
GDTR . GDTR * 48 {2, ¥ & 32 {x A Asbit, 1K 16 2 H BRI, &F GDT RfeH GDT A&
FZ N rE FHTRE R L, TAREE XA GDTR 4 GDT X—H%#t A48, 5, 23H#H
RFEPHABREFELAHTEMAEF. GDTR PHBERMBAFH AR, sHTF45H N AR
HORA G RO RMRAT TLA 8*N-1. 4 ucore P 4 boot/bootasm.S W & gdt e it &k F=
kern/mm/pmm.c ¥ 894 5T =44 gdt|9 A A A TILRiEEH CiE5 692 AR R ERE A,

BHT

KMIA IR B FT AR REFRARETF R Ao B2 R P &5 — R T, B4FF T AA 45
HEEG Y, Anxtg A2 AT, 22 —REhEEMEERREN, EHF T
4o T AT

Figure 5-6. Format of a Selector

15 3

INDEX RFPL

- || B

TI — TABLE INDICATOR
RPL — REQUESTOR'S PRIVILEGE LEUEL

K3 BEBETEH
® %3] (Index) : ARMEFEPM 8192 MEAF P EBF—AHAEF, REREAHFEIANARIE
FA 8 (RMAEFHKE) , Bl EFEROANRZIIN AT, At —ANeEFAL
o
® % i4574% (Table Indicator, TI) : #&# P iZFRIF—AMEFE. 0 RERIZIFF L HIEEH
% (GDT) , 1 R&RiZizF AL G LR (LDT) .
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o #H KA L (Requested Privilege Level, RPL) : #R¥F#uhl, £5 %X P L2t—F 3t

ABFEF RS — AR CPU &R, PTAS —ANB BT &3] (Index) nofek 45
{2 (Table Indicator) #F% 0 98t (BPERAF TG AHMAEFERGE —A) , TURLEE—-NTH
#HFF (L mmuh 4 SEG NULL) « I—NMEFHEEMMBE—NZTEFTH, REZFLRE2S
2 —AFE. BR, SAATEBETFTEFRALER, NEEAEFF.

(4) RPFBEXTHHRL

ARFPEXT, BRALEEA 44, HTA0 (R&H4FR) 5] 3 (AR o A 3 ERHT
B BRI AA, O35 UARPATHAMBS LR . EE—Z], x86 CPU A A £ —/NMFE
PR T BT, Kk e T REGT U4, BT AMH L. X AR L FHARA A KR
(protection ring) , &M #93F (ring 0) & FR&4FR 0, |IN@AIIR (ring 3) —Ax% & RAL 1%
R, 28 RAK4IFA 3. f£ ucore ¥, CPU R A B[ L9692 M4FR: 0 (AHEE) &3 (AFE) .

H KL 15 KB 4EH CPU A RAEAENBESIAT, XEE 844 R4 A PR X945 Fr
1ER, HAMBARE KGRI IH I RREL, TACNEEELBRERZALABMER., wE40R
FEring 0 VASPIEATIX 2454, L FH —A—Mfky + % (general-protection exception) . *F A A=
1/O 3 0 89 37 7] AL Aok ) 45 AR IR

BB ABFTHEANANETHALF AEN BB ENBRFAEE (2 SSR DS F) Hf, TLAR
P a5 THKFERA (Requested Privilege Level, ##r RPL) F&. Adm, RGEFAHES (CS) &
NBERREREELS (0 MOV) AL E, mAREINERKTALFPITIAGFGLE4L (=2 IMP,
INT. CALL) mMiE#iX &, mHE CS #A —Ad CPU 44769 HATHRK F £ (Current Privilege
Level, @#R CPL) o —H LZMiTEIT:

Data segment selector
16 bits Index (3-15) Tl ReL
15 2 [

Code segment selector
16 bits Index (3-15) I CPL
15 2 [

K 4 DS #= CS #9454 B
RALEF A BT CPL & (242) WEERF T CPU B9 S aTdFaiR, FTAR &H —IKR CS F
89 CPL, AR3L7T AZeid s 2] 89 4FAEE T
CPU S ERANKBEE LR NG : S —DEBEFFEE, AKX, Hi@id KMty @ —A>
NAERIT. B, Ry RAE N G RGTEZ Y, ROEIBEXLEIT. 5 —MHIEL
BB FR BN, A KA T RGN A

11
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Current code
segment register

CPL
1 e |- H
Data segment selector .y egment load ok
being loaded
—{ Index |I|RPLI— CPL, RPL) <= DPL
Selects False:
Segment descriptor J‘ g Geneml-prc_:tectmn
exception

—i{ DPL

B A A% 69 AR K A AR A 454, LB 69 MAX() R T4 CPL A= RPL 4 R A& 89— A,
H 5 #EF L (Descriptor Pr|V|Iege Level, ®#rx DPL) tb%., &R DPL#®EKTE T, A4
XA BT EF 34T 7 o RPL HE 89380 B2 0 A WK B A5 ABARE B tode, AR¥T L
1% 1 RPL=3 &9 £ 5L 55 %ﬁ%ﬂ%%‘i%#ﬁd’ﬁﬁﬂiﬁl BT AER PAEXTF IR, BEREATAESZA
Bk, € %K CPL, RPL #= DPL i£ 3 MALM T L —, T T A, FTaA L —T CPL,
RPL #= DPL.:
o CPL: %#AT4F4 4 (Current Privilege Level) %A% CS B F A% (EHT) 9RAKALZ,
CPL# A L AT E R B AY IR, HEHE 2 LT BT ATAZ 5 49 55 A Z A])
o DPL: #i£ 5484 (Descriptor Privilege Level) &4 S #&E5F b 69 R4z, BT HRE st
KB B 09 A A B, MR R B R & B E 69 R ALK
e RPL: i# K4+ 2% RPL(Request Privilege Level) RPL #& & & £ T 69 K P {2, RPL 394
A AR BT R 69T KAk, R Y AT AR e KR, RPL &9fEdhAZF R AT %k
AdegikE, F4—< RPL>=CPL, 122 % RPL<CPL B}, SEr£AEFRNG#HALZ CPL 7, B
#3717 i 69 45 A4 & & H 87 . max(RPL,CPL)<=DPL £ % m %, FfrA RPL T XAE R AHK
17 9] B 69 P Ae Pk, RPL=0 B PR Ae fR] 21 /)y, RPL=3 A Ao FR ] 20 K

K5 NGirE4Emgsdidiz

3.2.2 #AH W]

SEBEMET R 4 ANREAE: Fixa (Logical Address, &2 BAZ5 R A | e9xbht, ARER %
R EARA BRI, BRI EMAE A FAERA) | 3 at (Physical Address, % FR49
WA GHA) . BREEAFER (A5 A BMAEFKE”) | BRAR (J}mlyfxéﬁ/%& B
RF R BN KA FGRALE) . BAFT (WRTASPOME, AT SBERBEFEPHRS
R EMGGF )

(1) FHE3uZ N

K RALR 6 A BEA, ZHERT LN AR R B R B 6ut = W, e T @5
B

int val=100;

int * point=&val;

H P34 EF point b AR R —ANF MR, AT 80386 eyt HALA b, FHEMHA —
M6 B F A n (LAREEFT, HaFT) —A 322 891mF =4 &

12
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(2) HEHu3E )

MARME 7 %09 B A, CPU. WARMA GEFILO“NEE) EMIINERC IR LRI
W N A B A SR A A S ] b o AR IR — AN RS, CPU SR 5
(%ﬁ%ﬁ)*ﬁﬁkAﬁﬁUW¢%W&o%E%ﬂﬁ%cmki LE WA S & LR Tz e Hm
M A AN G A db bt

W e hE = 100 KRR T CPU S ALe94p 8 nt{z 4, £A T 80386 &9t HHLA& %+, CPU
WAL 4 4GB, 4o RITHALAAKIR LA 1GB WAL (RAMBHHLNAAE) , @t

ML AR 469 10 9 75 5 Bt B A2 45 M B 2k ) 3GB 49 256MB K/ a9 3k 2 18], I %3t H AL & 4y
W 32 K bt 7% 1) e PR

S — + <- OXFFFFFFFF (4GB)
| TR ) |

I
Fommmmmmmmmee oo + <-addr:3G+256M
| 256MB |
[10 shikspb 2 ia] |

|
R + <- 0xC0000000(3GB)
|
JAVAVAYAVAVAVAVAVAVAN

VWV
| REEE |
S +  <- 0x40000000(1GB)

| |
| KEAKALE |

|
Fommmm e + <-0x00100000 (1MB)
| BIOS ROM |
Fommmmem e + <- 0x000FO0000 (960KB)
| 16-bit devices, |
| expansion ROMs |
Fommmmem e + <-0x000C0000 (768KB)
|  VGA Display |
ommmeenmmneneeee + <~ 0X000A0000 (640KB)
| |

| Low Memory |

|
oo + <~ 000000000

B 6 X86 i+ H AL Z %69 4% 3 #o bt 77 )

3) KMHITE

—G I HEMARF AT, BAEAREZAGEET, BMEFANA G TR E EA T
Hheg et =, AT ik S AMRF ARG H AR B8 B foid A A= 0], F]I N KR RS
M (AR E AL T ) A9BERS . KRPEMAE T 69 KT CPU A &bz 4, AL T
80386 49t H AL A L, CPU 9 &R MMt T A A 4GB, &R IEMAL T A A4S 2| 3 — 35 REAN
Fybpk R ], Fa@dF g (Kbxkil) Rip AP NE, Kbxbh SAREMabAE, ZH#AITEH®
WA B ARG AL R 5], B TR MR E ], WCMJ*PwnAm%H,ki%ﬂ%%%ﬁ
Hoht; % CPU Bahn WAL BT, ZKM3hiLEEidnp M35 R4kt E, CPU F a7 e
N B RAFA Ik, = AP Mo bbb K R dm T BT
o RBHNHPBMNF, KBRS : Fibi-> (5 KbhdEdk) -S> Mt ==4p bt
o RBHNHBASAMNF: ZHEA-> (R R) -S>E MR L -->5 T bbb 3 3%) > hE

EHRERALZOEET, RAREHAFETENSG, ERA —ANYEHLAZRGHFLT, TG
13
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B AN BIERIEE ] —/NJEALEY KL 3b AL ]

3.2.3 H& 7 /THELE

bootloader ik CPU #t ANRAPAE XJG, T —F 89 TAEL R MR & LB HE4T OS. % 5 5| 5% Y
@ ¥, bootloader #9737 7] A2 F 4k & LBA 4 X 89 PIO (Program 10) 7 X, BPFA 9 10 3452 it

CPU 7 ) A 4 89 10 #uht 3 B 5 % %o

— M EMA 2 A IDE i@id, HANEET A 2 A IDE BE, 7R HF—AREHEXTLE IO
Wt F G5 Ox1f0-Ox1f7 36y, BEARAHF N TR, — A% —A IDE i@iddidi7 /) 10 ik 0x1f0-
Ox1f7 k523, % =/ IDE ifi# @7 Ox170-0x17f M. HABE M T EEBFELHE 6 A
10 fhA it A 25 Rk E.

* — B 10 Hohb Aozt 7 o A

10 34k ik

0x1f0 | 448, % OX1f7 R AMKRER, Tl

0x1f2 | 2 B0 BREHK, FREFN, REZEANKREZEEANABR, RIOZLIABHE
Ox1f3 | 4w R 2 LBA # X, L2 LBA %489 0-7 1=

0x1f4 | 4= R R LBA X, #2 LBA 5449 8-15 1%

Ox1f5 | mR 2 LBA B K, #2 LBA 5349 16-23 1=

0x1f6 | % 0~31%: 4=} & LBA # X3t A2 24-27 4 44z HOEH: A IAK
% 61x: A 1=LBA# X; 0=CHS # X % T4aA=5 54206MA 1
OX1f7 | RAEF@ ST AR . BERAL®S, FBiLR, o X T2 EIRSHM OXL0 3% 2 55 35
LT MAREABGINREREY, —AMREKRNIABLRFH., #—ABRRERaELE (THAA
boot/bootmain.c ¥ &9 readsect L EZ ) K 4T :

1. SFsE kLT

2. RbimipXageas

3. HHmAEET

4, REFLBRHIFEZIIBZANG

324 ELF XA A #E

ELF(Executable and linking format) S_#+4& X & Linux £ 4T &9 —#F % B B 4= 4+ (object file)#&
X, A=A E££A

® I T AT 89 T 47 LA (executable file), A T#REAZ PG AZBAE, A A FIAT. X
B AR FE I ey OS IR A,

® Al TiEi69 T & & 4% LA (relocatable file), =T 5 3¢ B AR —A2 €)1 7 $AT LA Fo £ F B
AR A,

® L iR #H(shared object file),£42 B TH ¢ 5L C T & 2z LAt F B AR A58 AR AL
CH AR, AEEEREXTRHC S TRATU L €L F BRI AESLZRGE—A
BEAERRAL

XE RSN E KEI48 %69 ELF T#AT XM £ R, ELF header /& LA FF 45 A HiE T #4489
2047, ELF 89 4k 5 BAMAT I iz d 44, L2 Lk elfh &

14
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struct elfhdr {

uint magic; // must equal ELF_MAGIC

uchar elf[12];

ushort type;

ushort machine;

uint version;

uintentry; // 425N O 89 E AL AE

uint phoff; // program header % 494z & 15 #%

uint shoff;

uint flags;

ushort ehsize;

ushort phentsize;

ushort phnum; //program header % ¥ é9 A\ &2 £¢ B

ushort shentsize;

ushort shnum;

ushort shstrndx;

program header #it 5425 AT A 4240 X 89 B AR LM Z 8, A RAE T 2z & A KAy
%, BEraati—% ARAFZF ) ZRAZBIGITLE E &, THRATIHGEF KL A
program header £#&g428, HFNEMBAET —NBRERARESAEFIATHLETOLECRE L&, B
WA “B” 85— ARFSZA “FR” (section) , LFA“BAZ (Segment Contents) ” . #2
F 3k A F T AT L fe 2 F BARLHA & Lo THAT BARL M AE ELF k3[4 e_phentsize #=
e_phnum s R F 4L 8 FAEFKHG K)o BH RO RBLEM LT R F:

struct proghdr {

uint type; // BEA

uint offset; // #ABxE AR K 69 R ASME

uint va; Il Bt 5 —/F T A 2 A B 69 % Sk

uint pa;

uint filesz;

uint memsz; /| BAE A AR & R 69F T K

uint flags;

uint align;
Y

A& 4% elfhdr F= proghdr &9 25 #)4#%53£, bootloader #t 7T YA 2 s 3+ ELF #& X 49 ucore 34 & 469 £k,

42 (£ 1 boot/bootmain.c ¥ &9 bootmain & 44) .

[#h ZAHHH]
Link addr& Load addr

Link Address A& 45 %% 35 48 € Kb Fe KB PTE ZM B A Aok, W4t R B E . Load Address & 542 5~ 4% 5%
RAe BN G042 E (BAEFES Id BLE) » —A&AHTHRTIHLENE EFmBEE TRIEZHADHAIEE .
Link Addr #= LoadAddr 1~F) & $ % :

O  AAEBkIEAE E AR

® AN Ay F (R R X 3 bss F A 4EH A7 955 iR

O AR FMERARTR M, BRATRESEEARLF. HIERXH
EE: LA Link dhbfe Load Huhk R —AE 690U (Blde: shASEAEE) o

33 BHERALAEHIA

% bootloader i i i B4R & By X e ucore /£ & %o B N 45, #LEEBkE] ucore BE A LA NG
Fag Nz E (kernfinit.c &9 kern_init HAAYAZIEHAE) | XA ucore FEE T EAEHI R HAT
& ucore W EEAR A B, R ARG A EE RAML P E 2, ucore £& 709 T/EALIE:
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3

o AL ASE,

o I TFHE;

o R THMRFTHLEIKARKXE;

o LIIRIFAREKX, B RS BRMNAF

o EALPETIERIES, XA PETRAES LR, WIS A PR, A8 AR LA P ETALA
e AT while (1) MR,

ANEHFEBRFTAREBREN[HAZGAAXE, ARBTFHAELFROGF I AL, Th
SFREFRNBRERAAREL TS RARKT 0. MmILMAFHEP R X F 69 E AR = P b7 L 32
WE, NELRRAARRFY. TEHLS] 5 BRGJIMRBRARAXZF%] 6 FayF drpsiegz
AT AR .

3.3.1 HEER

BA—NMRE R RS (RHIFRAZF T RAHFIHXANE) , BERHFESFREESTH
RENKR, AR R T ZOR AL R9LEH, EBP ¥ 4B R. —/NHFOARANET o
f&R: RE LA PUSH 4584 (AT AHHARKR) , —/ CALL 454 . CALL 454 AL RTHES T —
MK Eat (Bp CALL #4 T —&45409xut) ERGNE (GRHETR) « JLTFITH AXbmit
B IR LB B ATIEN R M4 T 4L 454

pushl  %ebp
movl  %esp , %ebp

A AALFPAITE =B RO FIRIEASFT, TEARTRIBIAAFANK: SH. BEE, ebp
FhHER., ORI LM FTHOREN (BAHEARRAFRARSTXH X, LZWU C &35 %A
CDECL #1]) :

(BT | Bl it

| 12 Heht
| L—&[ebp] | <-----m-- [ebp]
B E | ARzt

B 7 53R R AR LA

XA FRICRAGA YL L A ebp F 45 AR, REFRNIE4 esp BMALL ebp. “mov ebp
esp X K54 K@ LA R M esp & & ebp R KA, HFETRKR, BHAL ebp MIEZ AT, /R ebp A %2
MER UZTARM) , MmAIEY ebp NIEBIEERN, it ebp FABHCELT—NETETEHR
{2, ZHELERFPHEMERTH—A A (R ebp AREHERTR) , Aigdiath Lk, gt (BRES
w) RRRIIAE A, AHE, M T (RMA M) ARSI AHIFET M, mizkitE X E445 L
— & oy KR R B 49 ebp {E

— AT, ss:ebp+d]it HA B HL AL, ss:[ebp+8]itH F —AMHEHAL (KB —MARBEKE, K
B L ER 4 FTAH) , ssi[ebp-4|&AF—NEIE=E, ssi[ebp]atXy E—Z ebp {6, T ebp
AR A AL B E— B R F0R R Ay ebp 1A, mAB—ERFOAR P, Askidid S abad ebp 1w
L (REZ®) "RRKREE A, SHME, “@T (RMT @) "KM EILET (. de b xR
WiE, AEIKRK. XA HEP K.
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3325 RE

BERZAARE 2t AR AP A S AN RATE R, XE & CPU sk At 940 LB A3 4 1T
— AR MR AR g T CPU 8932 &, 4o R R Ll CPU“E 3 X SR F 4, BPR B H
a9 %14 (polling) L], M Kik% CPU HR T o FTUAE B4R1E R Ao CPU A4 —A2 34 X M pLa], ik
IMRAEE ERMEZA ARSI R X FH IR, B EHB I RIER R, RATHRME R SiAe 2 A
89 EFH AT, EREZAAT RN RO E, RELEKLBERRFm N6y EF T, ERIEZR
G, XAPHLHRIARA FETALE . P BTALE L IRAE R AR T A BSNMR AR S), R LA KIL
HAZ/EAL B XRIALG—ANEZE L, 2 FPE 5] N FHT AHRAF R 09I 2 Ao F 3,

HEBERGT, ARG P EM4, & CPU SN &5l R IHF4e 110 P, B4+
B, RGP EAF T AN (PFANNRARHE) , 5 CPU MHIFTAX, RMNKIHAFHF
B (asynchronous interrupt) 4R b3 &P 7, & A& F B (interrupt) e 424 CPU AT 4544 1a) 4 ) 2] 7R iE
WA R AR E A S A (R TR R . ok ip B AR R ) B 51 A2 89 A 3R F 4 AR 4E B % P BT (synchronous
interrupt), LARA P BT, & AR FF (exception). FEAAZF PR F KR ARSI FE LA @I KLY
F A, ARAEFRE AP B (trap interrupt), HLAREL F B (soft interrupt), F %A A (system call) & #& trap. &
G IR T 2t — TR RAR

AEI PRARPE XTI, 4 CPU IR P (GAiT 8259A Tk, A %k 8259A #4913
EIFEARE A) AFEFFHESN, CRHIFHRTLATNAEZSRES, B3 — < MH a2 71
e EIAMT T AR KA EBIAE T, TR EXAF A6 43T )5 B k@ B R AL AT BT 692 P RAE S
Fo PR m =P RIR S HIAZEIT R X R 2R IDT (PHIRAF L) . RIERZLKAE IDT F
FEAF S PR E R 49 P BT REE S, B CPU &£ 7F A& P 6 103 2 P B IR 5-15] 42 69 A2 45 30
B @ IDT A& 694245tk B 22 idtr F 4 %+,

(1) #Br#EF % (Interrupt Descriptor Table)

TR G REBENT R FF R Tl — N aF RS HIAZGRHAEFKELR, B GDT —
#, IDT 2—AN8 FHRE G4, 12 IDT 895 —A T AL —AN#EF, CPU iy (F%)
TR 8 A IDT 89k 3], IDT TMe T A AMHEZ/2E, CPU i@id IDT 4% (IDTR) AR
kT4 IDT #9A24E3ht, 454 LIDT 4= SIDT B k4&41E IDTR. M K4544A — N2 o948 F4: —
N6 FHETHN A, 5505 4T:
® LIDT (Load IDT Register) #§4-: 4%l —/N6& & £t 3 hk A ak Ao R IR 69 R B3R AE RCR w8
IDT. 345 & %40 IDT 5 24ATC KL 2 IDT 94245 ht, X L3545 R AL AL 0
o (TA N libs/x86.h ¥ a9 lidt HAE I, HFEHA—FILHIES)

® SIDT (Store IDT Register) #§4~: 4 M IDTR & bk Ao R IRIRH 2] — AN Aok, X K48
AT VA B R BT

IDT A= IDTR F AR LEMF X R T R AT

17
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47

IDTR Register
16 15

0

IDT Base Address | T

Limit |

Interrupt

Descriptor Table (IDT)
)
Gate for
Interrupt #n (n-1)=8
Gate for
Interrupt #3 16
Gate for
Interrupt #2 ]
Gate for
- Interrupt #1 0
31 0
K 8 IDT #= IDTR ¥ A Rty LM fa %k A K

BERPEXT, RE4 A4 256 4 Interrupt/Exception Vectors. S&E[0, 31]H 4 32 N4k 7+
% Exception #= NMI & 7, 12 % AT 3EPTA X 32 N\ AL 2L A, A LAY AT XA #4% A 6,
EAREZ AR C, SRR E, A& R T /838 mAT 6y Exception. JLHE[32, 255]A &)™ = &
B M P &8y Interrupts. Intel XA €L, LXARE XL Interrupts. A P =T LAKE € AT AR 9131
1/0 % % ¥ (8259AIRQ) , =FH Z%AM (System Call . Software Interrupts) .

(2) IDT gate descriptors

Interrupts/Exceptions & %1% Bl Interrupt Gate #= Trap Gate, A1 a4y E— X A7t : H iR
Interrupt Gate B, Interrupt 4% CPU A #h2:.k; ®miA K Trap Gate i, CPU N R4k kR 4rF P
B, mAKECRERGET. £ IDT P, TAE 24T 3 # XA 49 Descriptor:

o Task-gate descriptor

e Interrupt-gate descriptor

(ZXZRAEH)
(p iy 75 X R 2))

« Trap-gate descriptor (& %388 A 2|)
TEEZTT 80386 694E 4 IR FF. PHTITRESF . FEUH TR a9 A& X

Figure 9-3. 88386 IDT Gate Descriptors
88386 TASK GATE
1 23 15
(NOT USED>
SELECTOR
88386 INTERRUPT GATE
3 23 15 . . 8
OFFSET 31..16 P |DPL|a 111 a|a 8 Bl(HOT USED> ||4
SELECTOR OFFSET 15..8
88386 TRAP GATE
1 23 15 7 . 8
OFFSET 31..16 P |opu|e 1 1 1 1|8 @ a]oT vsED>
SELECTOR OFFSET 15..8

P 9 X86 &9 &A1 69 4& X,
T A& W, kern/mm/mmu.h F 9 struct gatedesc #k 4% 25 #) 3+ B7 £ 3£ 55 49 B4R 2 Lo
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(3) PRI PR R TR T

FRIIR S PIAROEEAR G AR TR (FF) ORBRIBRERANTZARTY. FREEKX
A&, A AN TR
® R RTALIZiTAL 1 (A245) : A CPU W EI P E4E, ATHF Y ATAL G RAE 469347, 4R
3 3L AP AU PR A% B F B IR H-BIAZ L AT A9 A2, HEARFEAZ T :
1) CPU ERITREAMAEAFWE—FHKLE, AaFTHAINEIITR T 6454 AL P o b7 1%
% (do: 8259A) RERZFUHIFRKITR, W RAMA CPU sLA f48 5 &9 B 4F ik P 2] K
AN B 4R 33 B P b i K 2 08 P B )
2) CPU #EFRFrEmE (Wb A% E]) 2] IDT v REZ@EAT R FHRAEL, F
B bR AF AR A A T BT IR Sl AR 69 Bk 4% T
3) CPU 1/ IDT & 2|89 ¥ 7R 114269 Bk 452 F A GDT P ER{FA8 B 09 B L 7, Bk
HERET PERSPIAZ G B Ao B 143 8, BBt CPU #AF 2| T F iR 442894
5 hE, kAL B bt
4) CPU &#4% CPL Ao iR 414269 B335 89 DPL 12 & IAR T KA T HREG
o thheBAAEAFEZITERAPFS, Y MAZFRZZTAEAZSY, NERERETH
AULR Y 5 e, kHGMAMéWﬁ%%T%T,(ﬁ%@ﬁﬁé*%i%%ﬁ@ﬁTR
FHET) LRFIZAEF G N, BPaE NS ss F= esp 0918, H B R 4
L AT A AR R AT N AR . IARARBIFE ST PRIR 54272 RN 9K. B
BERFE L ARG A P56 ss A= esp EB|H ) ABA T RAEAL K
5) CPU & &4k G S aTaA4TBr 942 50933 (Bp— 2 F F R 690 , TR RIKk E%
ITHT B9 AL F 4k B AT o kﬁ%fmmﬁ&*%@ﬂﬁ%%%m,Wﬁﬁﬁkﬁﬁﬁh%
#2 F-1% A 49 eflags, cs, eip, errorCode (4w R R A 42459 ) 128
6) CPU #| A * i IRk 519 ﬁiéﬁfw}m; FH L — 5 B cs Ao eip FH BT,
Frab AT FBFIR S, X BRA AAT A SR Y F AT, FHRFAZF EXF4ET
1,
° &#*%%EL&Z( ER) NP ERGBIAZ AR U TAEZ ke F &iE T iret
(3 iretd) 4541k ZAXATE 692 /- 69 4T . CPU #4T IRET #5449 AR A2 T :
1) BAEWMATXSE iret 3540, AASAABKRER G AR AGRATH 9 F %12
%, Breflags, cs, eip &HFF45HAT;
2) WmRAEEFREEE VKABSHBRIAPLPS) , WEEZAABRTRE R PSR
ssAmesp, XHFMERERLE MBI RELRGR PFEHKRT
3) 4w BRI R A 24D (errorCode) #9% %, CPU &1k & & ATA2 509 a7 nt, H
a5 d errorCode. X —F & Zi@ ATk, BP&KABX )P ETIR 5-FIAZ2 8 A iret
1BV Z A A e A RS 25 5% 3 errorCodes

THEIEFRTATE @& 2 GDT A48 & ¥+ Wi IR 5542 AC 4642 E 89 & A2 77 X
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Interrupt
Vector

Destination
Code Segment

Interrupt
Procedure

IDT
Offset -,
Interrupt or ™ (+
Trap Gate T
—
Segment Selector
GDT or LDT
Base
Address
- Segment
= Descriptor

B 10 P& 5 B IR I AEAL IS 269 X A

(4) FoF = A BABRARRTR

THITT 4B AR AR RR AL LT F o = A£G 6 AR T~ & A

Stack Usage with No
Privilege-Level Change

Interrupted Procedure's
and Handler's Stack

-«—— ESP Before

EFLAGS Transfer to Handler

(&)

EIP

Error Code [——FSP After

Transfer to Handler

Stack Usage with
Privilege-Level Change

Interrupted Procedure’s

Stack

€ ESP Before
Transfer to Handler

ESP After——=

Transfer to Handler

Handler's Stack

SS

ESP

EFLAGS

cs

ElP

Error Code

B 11 AR R4S AR B AT B AR LT P U = A B e RA T TER

(5) P W7 4k 39 69 45 LR A5

BT At IR AT A AR R A B R T TR (gate descriptor) FeAg k454 R T 8. —ANTT#RE
HA—NRGRANBERAER, —&£8 4 AT LA ARN#HLES (call-gate descriptor) , ¥
#41£ 45 (interrupt-gate descriptor) , M&MHII#4iE 4 (trap-gate descriptor) Fe4f 411484k 5F (task-gate
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descriptor) o 5 BT AL FEAR K 69 R P BT TR T A TG B TR 5. X 2 VR K AR G 08 28 P B R iR
# % (Interrupt Descriptor Table, ##r IDT) %+, CPU fe¥dim=4EA4 IDT £Mey & 5], FAkE
G K AR AR — AN TRE TR P b, PR TR SR GBI R R G LR — 40,
B K 4B R A AR B 6y i3 A2 e T B BT

Current code segment register
(__USER_CS or _ KERNEL_CS in Linux)
A

CPL: 3

or @ l

Destination Code Segment
(__KERNEL_CS in Linux)

CPL »>= Destination segment DPL

M DPL: & —

For software-generated interrupt,
CPL <= gate DPL

Selects
63 47 32
Offset (31-16) 1|DPL —@PL is 3 or @
L1  Segment Selector: 8xe® (index is 12) Offset (15-8)
31 15 %]

Interrupt-gate/trap-gate descriptor

B 12 R A B R e AAE T ey AR

T8 DPL FeBLEHFHF—RI=FAEHF, B, REFFESHEE (Offset) 454 7 Frik
EBAEGAD B, AE—RENTHAEFPEANNBRDBEGBLEE T, 2 PG, CPU —2 14
FiB AT IR B A BOR R A BOR, BB LR B LEHART (SRERAANE A TH TR a8
1#) , RAERA (R PFERFHPEGIE) o RBR—FFIL, FHLEEN CPL L/MEF T B
KA 6 DPL, 4= R CPL RATHAE, —AEARW#EIEME (GBI TSS TA) A KL, X P
AP SRR PORBRLSITAERE (e di 04T INT n £ 789 P M) | 23—/ NEIM 9K
% 1149 DPL 2B A L5 CPL AR R ZAKGHAL, X LT A P KRB E ik A P B, 4o RiX 2

BEXW, 254+ —N—fky* % (general-protection exception)
3.3.3 labl w %t o B & &b 32 5K 3L

(1) ShxE AR E

Labl 23 T w Wi dnds it Aostht &, & 0, BAPSMEBEA PRI, & oindstedHK serial_init
(42 F/kern/driver/console.c) *F & A F Wi w045 L TAF 49 4R ] ¥ -

Il AE 58 B O LI F B & & P o
outb(COM1 + COM_IER, COM_IER_RDI);

Il BT PR RAE R S 0 1 P
pic_enable(IRQ_COM1);
B 4 09 45405 4 kbd_init (42 F kern/driver/console.c ) & T AT ed P mdsiL TR, B
PRARAE F A0 5] 3

M1 8 3E P B4 ) SR AE AR AL A P B
pic_enable(IRQ_KBD);
B4 2 — A A & 4R R 6998 L, AAER AR R T, EEEFE TP Hita, ERXHTAH
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TR AP T, FAEF AR S AT CPU BT AR L, 1R1E R GAR T VAL T 50 2 69 iF 1) & L3R 1%
CPU =4I, XY — Mg AAEZFBITT —2NAE, #BERASEIN4 PR HRA CPU =4
M, FT4 CPU TRILAL ZEFER CPU &9t g MAE A . BH4r a9 4045105 % clock _init (42 F
kern/driver/clock.c ) Z A& T *Fit4P =41 55 8253 a9 #1454k :
3% B 1 40 B AY o 81005k

outb(I0_TIMERL, TIMER_DIV/(100) % 256):

outb(I0_TIMER1, TIMER_DIV(100) / 256);

138 3E o B 4 ) 548 AR B 4 o B
pic_enable(IRQ_TIMER);

(2) FErAIELEKE

BER G R B EARLLEA TR P E4, FE22H % R PRIR F 142 7 T 832
HFEee P E4, RARMAGTHFSHA—HTTHST (0~255) , INRTHRAFHGE. L
ucore A, BERLEAMEFHAGE, 4@ idtinit KWK idt £ (B L trapc), mEL+
vectors W A% T PR AL AL A9 N D bk, vectors & A& vector.S X AFF, @i —AAT A4S
vector.c A . HFIXA System call FEFeGARA A P AR (DPL_USER), BpiXata54& Al int 0x30
4. ML A T tickslock #4510, %8R T A 32t A o b,

vector.S X #FiBiT vectors.c AFHAE R, EFPEZ L TEHENAFEHOANDLE TN (KRG E
vectors #8¥), H b, FETUASRAL: —ERIENEIERLE (error code), F — X TENE
B, ST H =K, vectorS AFHEAN—A 0. I, BRAEANME PR TR 5. EEANHAN
LB HERZE, PRI L HBIE B %—e9 N2 alltraps 4

(3) FEreyLEiTAZ

trap K& (LA trapc F) A3 Pt ir a2, A o) b A 2D PN 2 R
_alltraps 4B (2L A& trapasm.S ) , #AMIE XL, ALAEIAEF, RESRG PR EL
A, BiTAAR A RIE, AR R G, trap FARE, PR SAM%SIEIT. B
A AL I ARAE K B e T

trapasm.S trap.c
1)~ 4 ¥ 8, CPU Sk 240 m ey iAo
(vectors), H AT ENAEE error_code (RE A&
5F%%FMAE) AR trap_no, REkEEF alltraps
HHF N
EE LA EIkER jmp T2

(high) | ...

F A PRI A9 eip — | €ip

error_code

esp — | trap_no

(low) | ...

R R A S ATAATEAZ -89 trapframe ZH(H R
i A% trapasm.S). X E kernel (M%) HBEF A
B, mEEN esp, 1EA trap FH&K A # (struct
trapframe * tf) Jf k4% 2] oF w7 L 32 B 50 trap 4

EE: AR call AR, AENEERL
eip, &R 54 eip 5 trapframe F eip:

trapframe #4545 % :

22



HERATEIAR B RGRESLE 2012 FF

A
“‘,‘Er &

Struct trapframe M trapframe 45
o W7 A AR 6 R AR
u!nt ed_i; ;5
3:2: zf)";, % 2945 pushal 454-#F
' RETHREFESR, BB
ushort es; 205 ?
ushort padding1;
ushort ds;
ushort padding2;
uint trapno; <« trap_no
uint err; «— trap_etror
uint eip; — FAPUAE eip
} 2)Fmey P RUAR KR RAARST
#EN trap BFk, xF P RTEEAT AR 69 L3 ARAE B 53t AR G P BT I, P, FRB T A
IRQ_OFFSET + IRQ_TIMER B4 17, 1l de ticks %
Hhm—,

2 1 5% IRQ_OFFSET + IRQ_COM1 % & o w i,
W B AR 69 F 5 .

21 5% IRQ_OFFSET + IRQ_KBD %4 # i, N
TR F

EALAP R A EABRS, WELFR %,

LR trap HEMIPATE, EiT ret 1{45RE F
alltraps #4742,

M PR PR AR R

P esp #9{E: Bk trap no 5
error_code, 1% esp 5@ P RTEE eip, @il iret A
& H cs. eflag AR eip, 4 %At

B 13 ucore P B 4L FE IR AL

Eb, STEA labl 78 LT F R ALK INGEAT T BiE. FKERBRIEA @945 &
KERITH 8% 5] o

4 RBREREER

MR sh BT # labltarbz2 /&, MEFFKADEH L labl, TREE. EFEERT TRERGEAN L%
o BEREFTEEALIPREGP . LML LS4 &R labl-524 ID.odt or labl-5 4
ID.txto 45 M txt #& X, BPAARALAI K, & F labl P HAEES, TRBEZE, £ labl B F Tk
T make handin £%-, BP4& 8 34 sk labl-handintar.gz X . E 35—/ H X, &5 labl result, ¥
K ARE LA Z AT AR89 handin XA EZB X T, RER tar R EHBITORB X, 4 8h
labl-5 4 ID.tarbz2 (4 labl_result &9 _EJZ B & F #fT“tar jcf labl-5 4 ID.tarbz2 labl result “Bp
T) o REF—ERAMNKENRIINLEFE L,

RGP T & B b7 (challenge IR 5M) #8A “LABI”HY 245, AR 452 KA
FRA SR 2R GG IR 4 L I A 8GR D,
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